Summary. Forty-four children with Type 1 (insulin-dependent) diabetes (aged 0.7-16.7 years) were observed from diagnosis for cytoplasmic islet cell antibodies and serum C-peptide concentrations. Islet cell antibodies were analysed by indirect immunofluorescence for both conventional IgG and complement-fixing antibodies. Thirty-seven children (84%) were found to be positive for conventional islet cell antibodies at diagnosis, and 21 (48%) remained positive over the observation period. Twenty-six patients (59%) were positive for complement-fixing antibodies at diagnosis and eight remained so during the follow-up period. The serum C-peptide concentrations increased significantly during the first 3 months after diagnosis, after which there was a gradual decrease in the levels. Those children who remained positive for complement-fixing antibodies over the observation period had significantly higher serum C-peptide concentrations on several occasions during the second year and had also a higher integrated serum C-peptide concentration over the initial 2 years than those who became negative for complement-fixing antibodies. These observations suggest that the continuous production of complement-fixing islet cell antibodies in those patients who are positive for these antibodies at diagnosis presupposes the preservation of a sufficient amount of functioning/~ cells for antigenic stimulation. These results support the view that the complement-fixing islet cell antibodies reflect ongoing destructive processes in the/3 cells.
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The prevalence of cytoplasmic islet cell antibodies (ICA) in Type 1 (insulin-dependent) diabetes mellitus decreases with increasing duration, but their role in the pathomechanism of the disease, if any, is unknown [1, 2] . When introducing the concept of complement-fixing (CF) ICA, Bottazzo et al. found these to be more closely related to the onset of insulin dependency than the conventional ICA (ICA-IgG) [3] and hence they suggested that CF-ICA reflect the active t-cell damage. The prevalence of ICA-IgG varies from 50% to 88% at onset, while that of CF-ICA is lower, as some patients with ICA-IgG are negative for CF-ICA. Also, CF-ICA disappear at an earlier stage in the disease than ICA-IgG [3, 4] . It has been suggested in recent reports that the presence of CF-ICA may be of some value in predicting Type 1 diabetes [5] [6] [7] , and these antibodies have even been shown to appear years before the clinical onset of the disease [5, 8] .
Many diabetic children still have endogenous insulin secretion after the diagnosis of diabetes [9, 10] . The residual t-cell function may be of clinical significance for the first few years after onset by facilitating good metabolic control. No relationship has been found previously between endogenous insulin secretion and cytoplasmic ICA [11] [12] [13] [14] . We have, however, recently demonstrated an association between CF-ICA and endogenous insulin secretion in a cross-sectional study comprising 184 diabetic children [15] .
Some diabetic patients have in their serum material with complement-dependent cytotoxicity in vitro [16] [17] [18] . Hence, it has been suggested that CF-ICA may contribute to the selective ]3-cell damage in Type I diabetes. If this were the case one would expect the presence of CF-ICA to be related to accelerated/%cell destruction. The present study was therefore aimed at elucidating the possible role of cytoplasmic ICA in the /3-cell destruction which occurs in the early stages of Type 1 diabetes.
Subjects and methods

Subjects
The study included the 44 children (24 boys) who were admitted to the Department of Paediatrics, University of Oulu, from May 1979 to June 1981 for initial treatment of diabetes mellitus. Their mean+__ SEM age at diagnosis was 9.4+0.7 years (range 0.7-16.7 years) and the mean duration of symptoms before diagnosis was 3.1 + 0.4 weeks (0-10weeks). On admission, 19 patients had no ketosis or acidosis, one had ketosis without acidosis (Ketostix in plasma positive), 19 had mild ketoacidosis (Ketostix in plasma positive: 7.15 < pH < 7.35) and five had severe ketoacidosis (pH ~<7.15). Treatment was commenced with short-acting highly purified porcine insulin, with the aim of correcting the metabolic derangement within 1-3 days. Later treatment aimed at optimal metabolic control and clinical well-being. All patients were seen regularly at intervals ofl-3 months. So far no autoimmune disease has been diagnosed in any of the children. Clinical remission is defined as the period which occurs shortly after the onset of diabetes when the daily insulin requirement is < 0.5 U/kg and glycosuria is absent or minimal. Minimal glycosuria presupposes a glycosuria index > 85%. The glycosuria index expresses the percentage of urine tests showing < 1% of glucose, based on all tests performed at home over the interval between two out-patient visits.
The first blood sample for the assay of ICA was taken before the initiation of insulin therapy when C-peptide and glycosylated haemoglobin (HbAlc) levels were also measured. The following two samples for C-peptide and HbAlc determinations were taken in the morning, before insulin injection, 10 days and 3 weeks after the commencement of insulin treatment. Blood samples for the C-peptide and HbAlo assay were obtained subsequently every 3 months from diagnosis, in the post-prandial state between 10.00 and 12.00 h (i. e. between breakfast and lunch). Serum C-peptide was measured according to Heding [19] using antiserum M 1230 (Novo Research Institute, Copenhagen, Denmark). Antibody-bound proinsulin was separated from the C-peptide by polyethylene glycol before assay [20] . The sensitivity of the assay was 0.02 nmol/1 and the interassay coefficient of variation 10%. An individual integrated serum C-peptide concentration for 24 months was calculated from the sum of the products of the mean serum C-peptide concentrations during each time period, multiplied by the duration of that time period. HbAlc was measured in duplicate on 0.7 x 20 cm columns packed with Bio Rex 70 resin (Bio Rad Laboratories, Richmond, California, USA) of 200-400 mesh [21] . The reference range of HbAlc in non-diabetic children was 4.1-6.3%, whereas the interassay coefficient of variation was 3.2%.
Methods
ICA measurements were made at diagnosis and at least every 6 months thereafter, using both the conventional indirect immunofluorescence test and the complement-fixation test, by techniques described previously [1, 3, 15] . Fluoresceinated rabbit anti-human-IgG (Behringwerke, Marburg, FRG) diluted 1:40 with NaC1 (0.154 tool/l) was used for the detection of ICA-IgG and rabbit anti-human C3c (Behringwerke) in the same dilution in the complement-fixation test. A dilution series was made of each positive serum sample to assess the titre. To evaluate the methods for measuring ICA titres, 10 samples from two subjects were studied repeatedly on a 'blind' basis. The reproducibility proved to be good, with a maximal variation of one dilution and no overlapping between positive and negative samples.
Thirty-nine patients were observed for up to 2 years with respect to ICA, C-peptide and HbAlo levels, and five were observed for at least 1.5 years at which time four out of the five patients had no detectable ICA in their serum. The patients were classified into three subgroups according to the presence of ICA-IgG (group1) and CF-ICA Table 1 , Age at diagnosis, duration of symptoms before diagnosis, degree of ketoacidosis at diagnosis and occurrence and duration of clinical remission and integrated serum C-peptide concentration over the initial 2 years in three groups of diabetic children classified on the basis of conventional islet cell antibody (groups 1 A, 1 B and 1 C), and in three groups classified on the basis of complement-fixing antibody (groups 2A, 2B and 2 C) 
Statistical analysis
The statistical analyses were performed using (t) cross-tabulation and Z 2 statistics (2) in the case of normally distributed variables, the parametric one-way analysis of variance and (3) in the case of unequal distribution, the Spearman's rank correlation test, the Wilcoxon matched pairs signed-ranks test and the Kruskall-Wallis one-way analysis of variance. The results are expressed as mean + SEM.
Results
Thirty-seven patients (84%) had ICA-IgG in their serum at diagnosis (Fig. 1) , and 21 (48%) remained positive for ICA-IgG over the observation period. Thus 16 patients 423 became negative, while seven were continuously negative. There was no significant difference either in age at onset or in occurrence and duration of clinical remission between the groups (Table 1) . The children in group 1 A had a shorter symptomatic period before diagnosis than those in group 1 B and they were less often ketoacidotic at the onset of the disease than the patients in the other two groups. Figure 1 shows the changes in titres of ICA-IgG over the initial 2 years. A considerable decrease occurred in the titres (Z2df=16=64.2; p< 0.001). One patient had an ICA-IgG titre of I : 320 at diagnosis, while six others had a titre of 1:160. After 2 years' duration, one child only had a titre of 1 : 40. The mean duration of ICA-IgG positivity in group 1 B was 14.5 _+ 0.9 months. Twenty-six children (59%) had CF-ICA at diagnosis and eight (18%) remained positive for CF-ICA over the observation period (Fig.l B) . Eighteen children (41%) were negative for CF-ICA when diagnosed, but one of those was found to be positive later (titre 1 : 1) and was omitted from the statistical evaluation. There were no significant differences between the three groups in the age at diagnosis, duration of symptoms before diagnosis, degree of ketoacidosis at diagnosis and occurrence and duration of clinical remission (Table l) . The changes in the titres of CF-ICA over the observation period ( Fig. 1 B) were similar to those for ICA-IgG titres. The highest titre of CF-ICA at diagnosis was 1:20, whereas one patient only had a titre 1:4 after 2 years. The decrease in the titres over the observation period was highly significant (~2df=t2-~-42.6; p< 0.001). There was a definite correlation between ICA-IgG and CF-ICA titres at diagnosis (Fig. 2) . Five of six patients with an ICA-IgG titre of I : 160 at diagnosis were positive for CF-ICA (titres 1:20-1:4), the other one was negative despite repeated examination on separate blocks of substrate. The patient with the highest titre for ICA-IgG at diagnosis (1:320) was only weakly positive for CF-ICA, but had been strongly positive for CF-ICA before the clinical manifestation of diabetes [8] . The children in group 2A had significantly higher titres for CF-ICA at diagnosis than those in group 2 B (p < 0.01).
The mean serum C-peptide concentration in all 44 children studied was 0.17 nmol/1 at diagnosis (range 0.00-0.44nmol/1; Fig.3 ). Five patients had undetectable serum C-peptide levels at diagnosis, but a partial recovery of the fl-cell function occurred in four of them within the first 3 months. The serum C-peptide concentration culminated in a mean of 0.26nmol/1 at 3 months' duration (range 0.00-0.93 nmol/1; p< 0.01 versus the levels at diagnosis). Subsequently there was a gradual decrease and at 2 years the mean concentration was 0.11 nmol/1 (range 0.00-0.45 nmol/1; p< 0.05 versus diagnosis levels). At the end of the observation period serum C-peptide was undetectable in nine patients.
The mean serum C-peptide concentrations over the initial 2 years in the three groups of children classified on the basis of ICA-IgG status are illustrated in Fig-0 tive (group 2 A) were omitted from group 1 A the significance found between the groups 1 A and 1 B disappeared. There were no significant differences between the three groups in the integrated serum C-peptide concentrations over the whole observation period (Table 1) . When the patients were grouped according to CF-ICA status, there was a significant difference in the serum C-peptide concentrations at 12, 15 and 24 months (Fig. 5) . The children remaining CF-ICA-positive had the highest C-peptide levels, while those becoming negative had the lowest concentrations. The children in group2A had a significantly higher integrated serum C-peptide concentration over the initial 2 years than those in group 2 B ( Table 1) .
The children who were constantly negative for CF-1CA had higher HbAtc levels at the diagnosis of diabetes and 10 days later than those who became CF-ICA negative over the observation period (Fig.6 ). Subsequently there were no significant difference in the HbAlc values between the three groups on any occasion.
Discussion
The prevalence of both ICA-IgG and CF-ICA at the clinical manifestation of diabetes found in this study is consistent with previous observations [3, 4] . The present results dearly illustrate the evanescent character of cytoplasmic ICA and indicate a parallel occurrence of both types of ICA during the first years of Type I diabetes. Furthermore, a positive correlation between ICAIgG and CF-ICA titres was found at diagnosis. On the other hand, there were some patients with high ICAIgG titres that were negative or had very weak CF-ICA titres. This finding argues against the assumption that both tests measure exactly the same antibodies and that differences are found only as a result of the varying sensitivity of the two methods [22] . Our observations support the view presented by Bottazzo et al. [3] that the complement-fixation test detects a subspecies of ICA comprising a variable proportion of the total ICA determined by the conventional indirect immunofluorescence method.
In the present study, 89% of the diabetic children had evidence of r-cell secretory activity at diagnosis. This finding is in agreement with the observation of Ludvigsson and Heding [9] . Considering that all our patients had substantial hyperglycaemia at diagnosis, the initial C-peptide concentrations were conspicuously low, making up an average of 11% of the mean maximal C-peptide response to oral glucose seen in non-diabetic children and adolescents (1.61 ___ 0.14 nmol/1, n = 12, mean age 10.7 _+ 1.6 years; unpublished data). After discharge from hospital, serum C-peptide samples were taken between breakfast and lunch when the patients had slight hyperglycaemia or normoglycaemia. Hence the increase in the concentrations over the first 3 months represents a considerable, though partial, recovery of/9-cell function. Thereafter, endogenous insulin secretion declined although three-quarters of the patients still had residual/3-cell function after 2 years. Thirteen (34%) showed serum C-peptide concentrations exceeding 0.10 nmol/1 which has been regarded as reflecting a physiologically significant/3-cell function in adult insulin-dependent diabetes [23] . Both Theophanides et al. [11] and Madsbad et al. [12] failed to demonstrate any association between the residual/3-cell function and ICA-IgG in cross-sectional studies on diabetic patients with a mean duration longer than 10 years. It may be more justified, however, to focus attention on the relationship between the endogenous insulin secretion and ICA during the initial course of diabetes, since marked endogenous insulin secretion has been observed only during the first few years after the onset of diabetes [24, 25] .
In the present study, the patients who became negative for ICA-IgG (group 1 B) had significantly lower Cpeptide concentrations on several occasions during the initial 2 years than those who remained ICA-IgG positive (group 1 A). After excluding the eight patients who were constantly positive for CF-ICA, from the ICAIgG-positive group, however, there was no significant difference between the remainder in group 1 A and the other groups classified on the basis of the ICA-IgG status. Hence, the differences in C-peptide concentrations between groups 1 A and 1 B seem to be a consequence of the inclusion in group 1 A of patients who were CF-ICA-positive and had a high endogenous insulin secretion. There were no significant differences in the integrated serum C-peptide concentrations over the initial 2 years between all three groups.
In a previous cross-sectional study comprising 184 diabetic children and adolescents, we found a higher residual/3-cell function in patients with CF-ICA than in those with ICA-IgG alone [15] , indicating that the persistence of CF-ICA presupposes preservation of viable /3 cells. The present finding that the patients who were constantly CF-ICA-positive had higher integrated serum C-peptide concentrations over the initial 2 years than those who became CF-ICA-negative supports the hypothesis that the persistence of CF-ICA is related to the preservation of functioning fl cells .for antigenic stimulation. The significantly lower residual fl-cell function in the patients in group 2 B on three occasions after becoming CF-ICA negative provides further evidence for this hypothesis. These results favour the point of view emphasized by Dean et al. [26] that CF-ICA should be separated from total ICA when studying the possible significance of ICA in the prediction of the manifestation and clinical course of Type 1 diabetes.
Absence of ICA at the clinical manifestation of Type 1 diabetes could indicate predominance of environmental factors in the aetiology and pathogenesis, whereas the presence of ICA emphasizes the role of mechanisms related to autoimmunity [27] . So far there is no evidence that individuals who are positive for CF-ICA in the prediabetic period become ICA-negative before diagnosis of the disease [5] [6] [7] [8] . This fact supports the hypothesis that patients who are CF-ICA negative at the clinical onset have a different pathogenesis of their fl-cell destruction than those who are positive for CF-ICA. Patients who were negative for CF-ICA had higher HbAtc levels during the first 2 weeks than those who later became CF-ICA negative, which might also reflect differences in the pathogenetic events between the two groups. However, this study suggests that the flcell damage is of the same magnitude in both groups of patients, since there were no significant differences in the serum C-peptide concentrations between CF-ICA negative and positive groups. On the other hand, our results indicate that the disappearance of CF-ICA after the clinical onset of diabetes is associated with an accelerated/7-cell destruction. This observation is in accordance with that of Crossley et al. [13] who found that children with diminishing ICA titres had lower residual /3-cell function at 6 months, duration than those with stable ICA titres or those who were constantly ICAnegative.
CF-ICA have been reported to appear in the circulation for as long as 3 years before the clinical manifestation of Type 1 diabetes [5, 6] . The appearance of CF-ICA may be the first indicator of minimal t-cell damage. The finding of a long latent period preceding overt diabetes in persistently CF-ICA-positive subjects combined with the present observation of a higher residual t-cell function in diabetic patients remaining CF-ICApositive after the clinical onset of diabetes, suggests that CF-ICA are an immunogenic response to stimulation by islets that have been damaged but not totally destroyed.
Since the children who remained CF-ICA-positive had higher titres at diagnosis than those who became ICA-negative, high titres of CF-ICA at the clinical onset of Type I diabetes may indicate a protracted survival of functioning fl cells. Accordingly, determination of CF-ICA titres in newly diagnosed diabetic patients and subjects at risk of developing diabetes could provide a potential measure for the identification of those individuals who might benefit from therapeutic efforts to limit /3-cell damage at an early stage.
